Ginkgo biloba extract (EGb761), a standard extract of the Chinese traditional medicine Ginkgo biloba, plays an anti-tumor role in various cancers. However, whether EGb761 is involved in the invasion and metastasis of gastric cancer remains unclear.
Background
Gastric cancer (GC) is a common malignancy, accounting for 10% of all cancer deaths among females and 7% among men worldwide [1] . Due to the absence of symptoms at early stages, most patients with GC are in the advanced stage when diagnosed. The mortality rate of advanced gastric cancer has not declined in the past decade due to lack of effective treatment methods [2, 3] . At present, medication is still a major treatment for metastasis of advanced GC, but the efficacy is unsatisfied. Therefore, it is urgent to explore the potential mechanism involved in invasion and metastasis of GC and to find an effective GC therapy.
Ginkgo biloba extract (EGb761), a standard herbal extract, consists of 2 major ingredients with specific pharmacological profiles: 22-27% flavonoids (including quercetin, kaempferol and isorhamnetin) and 5.4-6.6% terpene trilactones (including ginkgolide and bilobalide) [4] . EGb761 has been used for the treatment of Alzheimer's disease, cognitive disorders, and vascular diseases for many years [5] . Recent evidence suggests that EGb761 has potent anti-cancer effects by inducing apoptosis, reducing angiogenesis, and suppressing tumor growth [6, 7] . Moreover, studies indicated that EGb761 inhibits invasiveness and metastasis of non-small cell lung cancer and colorectal cancer [8, 9] , but little is known about the influence of EGb761 on the invasion and migration of GC.
ERK signaling cascades have vital roles in regulating cell processes such as growth, differentiation, and apoptosis under physiological conditions as well as stress conditions [10] . Dysregulation of ERK participates in the progression of malignancy [11] . It is reported that aberrant activation of the ERK signaling pathway increases the synthesis and secretion of matrix metalloproteinases (MMPs) and sequentially degrades extracellular matrix (ECM), and promotes invasion and metastasis of carcinoma [12] . U0126, a specific inhibitor of the ERK signaling pathway, weakens the invasive ability of hepatocellular carcinoma cells via reducing the expressions of MMP2 and MMP9 [13] . The invasion and metastasis of breast cancer cells were inhibited after blockage of the ERK/NF-kB signaling axis by reversing epithelial-mesenchymal transition (EMT) and stem cell characteristics [14] . Our previous investigation also showed that ERK expression was associated with lymph node metastasis of GC, and EGb761 increased chemotherapy sensitivity of GC cells via inhibition of the KSRI/ERK signaling pathway [15] . Moreover, quercetin is an active ingredient of EGb761 that inhibits the invasion and metastasis of breast cancer through decreasing MMP9 expression mediated by the ERK/AP-1 signaling pathway [16] . Accordingly, we hypothesized that EGb761 restrains invasion and metastasis of GC cells via suppressing the ERK signaling pathway and regulating its downstream signals. To test this hypothesis, the present study assessed the effects of EGb761 on invasion and metastasis of GC and explored the underlying mechanism in vitro and in vivo.
Material and Methods

Cell lines and reagents
Human GC SGC-7901 and MGC-803 cell lines were obtained from the Chinese Academy of Sciences (Shanghai, China). EGb761 was purchased from Dr. Willmar Schwabe GmbH&Co/Co. (Karlsruhe, Baden-Württemberg, Germany). U0126 was from SelleckChem (Radnor, PA, USA). RPMI-1640 medium, fetal bovine serum (FBS), and 0.25% EDTA trypsin were all bought from Gibco (New York, NY, USA). Six-well plates, 24-well plates, and Matrigel were acquired from Corning (New York, NY, USA). Rabbit antibodies against ERK and p-ERK were obtained from Cell Signaling Technology (Boston, MA, USA), rabbit antibodies against MMP2 were gained from Abcam (Cambridge, UK), rabbit antibodies against NF-kB p-P65 were from Bioss (Beijing, China), and rabbit antibodies against NF-kB P65 and GAPDH were from Proteintech Group (Wuhan, China). The secondary antibody, horseradish peroxidase (HRP)-linked goat anti-rabbit IgG, was purchased from EarthOX (San Francisco, CA, USA). RIPA buffer and phosphate-buffered saline (PBS) were bought from LEAGENE (Beijing, China). Proteinase inhibitor (PMSF) and TBST were from Solarbio Biotech (Beijing, China). Phosphatase inhibitor was from Beyotime (Shanghai, China) and OB glue was from Baiyunshan (Guangzhou, China). The polyvinylidene fluoride (PVDF) membranes were purchased from Millipore (Billerica, MA, USA).
Drug interventions and cell culture
Cells were cultured in RPMI-1640 medium supplemented with 10% FBS and penicillin-streptomycin mixture (100 U/ml of penicillin G and 100 mg/ml of streptomycin) at 37°C in a humidified atmosphere of 5% CO 2 . Cells were pretreated with or without U0126 (10 μM) for 2 h. After washing with PBS, cells were further treated with EGb761 (400 μg/ml) for 24 h. Cells treated with the same volume of RPMI-1640 culture medium containing 10% FBS served as the control group.
Cell viability assay
Cell Counting Kit-8 (CCK8) assay was used to detect the effects of EGb761 on SGC-7901 and MGC-803 cells. Briefly, the cells (4×10 3 cells/well) in 10% FBS culture medium (100 μl) were seeded into each well of a 96-well plate and allowed to attach overnight. Then, cells were treated with different concentrations (0, 200, 400, or 600 μg/ml) of EGb761 for 24 h. CCK8 solution (10 μl) was added to each well and the plate was further incubated at 37°C for 2 h. A microplate reader was used to measure the optical density (OD) at 450 nm. Data were from at least 3 independent experiments.
Western blot analysis
Cells were lysed in RIPA buffer supplemented with 1× proteinase inhibitor and 1×phosphatase inhibitor for 30 min on ice. Cell lysates were centrifuged at 12 000 rpm for 15 min at 4°C. Protein quantification was performed with the BCA assay. Subsequently, equal amounts of proteins (30 μg) were separated by 10-15% SDS-PAGE gel and then transferred onto the PVDF membranes. After blocking in 1×TBST containing 5% non-fat milk at room temperature (RT) for 1 h, the membranes were incubated with primary antibodies including ERK (1: 1000), p-ERK (1: 1000), NF-kB p-P65 (1: 500), NF-kB P65 (1: 1000), and MMP2 (1: 1000) overnight at 4°C. The membranes were washed with 1×TBST 3 times and then incubated with the secondary antibody for 1 h at RT in a lucifugal environment. GAPDH (1: 500) was used as the loading control. The protein band detection was performed using the Odyssey CLx Infrared Imaging system (LI-COR Biosciences, Lincoln, NE, USA) according to manufacturer's instructions.
Transwell invasion assay
Matrigel glue was dissolved overnight at 4°C and diluted with cold serum-free RPMI-1640 at a concentration of 1: 8. Then, 100 μl of the diluted Matrigel was poured onto the upper chamber and incubated overnight at 37°C. The density of cells in different groups was adjusted to 1×10 5 cells/1000 μl with serum-free culture medium. The upper chamber of 24-well Transwell chambers were supplemented with 100 μl cell suspension, and 600 μl RPMI-1640 culture medium containing 20% FBS was added to the lower chamber. The 24-well plate was incubated in a 5% CO 2 humidified atmosphere at 37°C for 24 h. After removing the cells in the upper chamber by swabs, the chambers were fixed in 4% paraformaldehyde for 30 min, then stained by crystal violet for 30 min. After washing with PBS and drying, the chambers were placed under the microscope to count the invading cells in 5 random fields. The number of cells was counted to calculate the average number of invading cells per region.
Wound-healing assay
GC cells (1×10 6 ) were seeded in 6-well plates. After reaching 80% confluency, a 100-μl pipette tip was used to make a scratch. The detached cells were removed by PBS. Then, according to the groups mentioned above, serum-free RPMI-1640 culture medium and drugs were added into different wells to treat cells. The wound areas were examined by microscope at 0 h and 24 h. Healing rate (%)=[(A 1 -A t )/A 1 ]×100%. A t and A 1 are the wound areas on the detection day (24 h) and wounding day (0 h), respectively.
Animals experiments
All procedures involving animals were performed following protocols approved by our local Animal Care and Use Committee, in compliance with Guangxi Medical University Application for Ethics Approval for Research Involving Animals. SGC-7901 cells ( 1×10 7 ) were injected into the flank subcutaneous tissues of nude mice. Once the tumors grew to approximately 1 cm 3 , they were cut into 1-mm 3 pieces, then were orthotopically implanted into the gastric serosa layer of 10 mice with medical OB glue. After the glue coagulated, the peritoneum was closed with a no. 5 absorbable suture. During surgical procedures, mice were anesthetized intraperitoneally with 0.5% pentobarbital sodium. A heater was used to accelerate the revival of mice. Ten mice were randomly divided into 2 groups: 40 mg/kg of EGb761 was intraperitoneally injected into the experimental mice twice a week, while the other 5 mice were inoculated with 0.9% saline as controls. Two different groups were observed at least 5 weeks before they were sacrificed. The tumors and livers were measured and fixed in formalin for further experiments.
Immunohistochemistry and HE staining
The tumor and liver tissues were embedded in paraffin. After being sectioned at 4 μm, the slides were baked, dewaxed, hydrated, and rinsed. The liver sections were stained with H&E for routine histological examinations and morphometric analysis. The tumor sections were put in citrate buffer (0.01 M, pH 6.0) for antigen retrieval, and the endogenous peroxidase activity was inactivated by 3% H 2 O 2 , followed by washing with PBS. After blocking in 5% normal goat serum at RT for 1 h, the slides were successively incubated with primary antibodies: ERK1/2 (1: 250), NF-kB P65 (1: 250), and MMP2 (1: 500) at 4°C overnight, then were incubated with horseradish peroxidaseconjugated secondary antibody. The procedure was performed according to the instructions of the SP Immunohistochemistry kit (Beijing, China). A negative control was obtained by using PBS rather than primary antibodies. The intensity of staining and the percentage of positive cells were observed in random fields under a microscope.
Statistical analysis
Data were analyzed using SPSS16.0. The measurement data are presented as mean ± SD. The difference among groups was compared with the t test or one-way ANOVA. A difference was considered to be statistically significant at p<0.05. 
Results
Effects of EGb761 on the proliferation of GC cells
The SGC-7901 cell line was derived from moderately differentiated lymph node metastatic gastric adenocarcinoma, and the MGC-803 cell line was derived from poorly differentiated gastric mucinous adenocarcinoma [17] . To detect the effect of EGb761 on GC cells with various differentiation grades and origins, SGC-7901 and MGC-803 were selected as the target cell lines. To assess the effects of EGb761 on growth of GC cells, SGC-7901 and MGC-803 cells were treated with various concentrations (0, 200, 400, or 600 μg/ml) of EGb761 for 24 h. The results of CCK8 assay suggested that EGb761 treatment significantly decreased the viability of GC cells in a dose-dependent manner (Figure 1 ).
Effects of EGb761 on the invasion capability of GC cells
The number of cells penetrating the Matrigel in the EGb761 or U0126 group were decreased as compared with the control group. Moreover, the numbers of invading cells in the groups simultaneously exposed to 400 μg/ml EGb761 and 10 μM U0126 were obviously lower than in the group treated with EGb761 or U0126 separately (Figure 2 ).
Effects of EGb761 on the migration capability of GC cells
The wound-healing rates of the EGb761 or U0126 group were lower than in the control group, and the wound-healing rate was clearly lower when 400 μg/mL EGb761 and 10 μM U0126 were exposed together ( Figure 3 ).
Effects of EGb761 and (or) U0126 on the protein expression of ERK1/2, p-ERK1/2, NF-kB P65, NF-kB p-P65, and MMP 2 in GC cells
In comparison to the control group, the expression of ERK1/2, p-ERK1/2, NF-kB P65, NF-kB p-P65, and MMP 2 were markedly decreased in the cells treated with 400 μg/ml EGb761 or 10 μM U0126. Moreover, combined treatment with 400 μg/ml EGb761 and 10 μM U0126 produced the most significant reduction in protein levels ( Figure 4 ).
EGb761 restrained the growth and metastasis of orthotopic tumors in vivo
Orthotopic tumors in the EGb761 group were smaller than in the control group ( Figure 5 ). The metastatic potential of GC SGC7901 cells was examined by HE staining of liver tissue, showing that 3 of 5 (60%) animals were confirmed to have hepatic metastases in the control group (not treated with EGb761), but no animals had hepatic metastases in the EGb761 group ( Figure 6 ). 
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EGb761 inhibited the expression of ERK1/2, NF-kB P65 and MMP2 in orthotopic tumors
Immunohistochemistry staining results showed that in the orthotopic tumor tissues, the positive cell staining rates of ERK1/2, NF-kB P65, and MMP2 in the EGb761 group were significantly lower than in the control group ( Figure 7) .
Discussion
With the development of endoscopic technique, the diagnostic efficiency of early-stage GC has improved distinctly in recent years; however, the metastasis of advanced GC is still the main cause of cancer-related deaths [1] . Therefore, finding a way to inhibit tumor metastasis is key to treatment of advanced GC.
EGb761 has several bioeffects, including anti-inflammation, cardioprotection, neuroprotection, free radical scavenging, and anti-tumor effects, and the anti-tumor effect of EGb761 consisted of the suppression of cancer cells proliferation, induction of cell apoptosis, and inhibition of malignancy metastasis [5] . The present study confirmed that EGb761 not only suppressed the invasion and migration of GC cells in vitro, but also inhibited the growth of orthotopic tumors and hepatic metastases in an orthotopic transplantation model. Moderately differentiated and poorly differentiated GC cell lines were both inhibited by EGb761, which indicates that EGb761 plays effective anti-cancer roles in GC, and we explored the mechanism in subsequent experiments.
The ERK-related intracellular signal transduction pathway has abnormal overexpression in about half of all malignancies and 
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participates in tumor progression [18] . Our investigation demonstrated that EGb761 inhibited activation of the ERK signaling pathway in a dose-dependent manner in GC (data not shown).
A report indicated that the growth capability of capillaries and the migration of endothelial cells were suppressed by EGb761 via inhibiting the ERK signaling pathway [19] . Similarly, our previous study also demonstrated that EGb761 improved chemotherapy sensitivity of GC to cisplatin by inhibition of the ERK signaling pathway, and the ERK expression was associated with lymph node metastasis of GC [15] . Hence, EGb761 may suppress the invasion and migration of GC cells by inhibiting activation of the ERK signaling pathway.
MMPs, a type of endogenous proteolytic enzyme, participated in oncogenesis and metastasis by degradation of ECM [20, 21] . Drugs that inhibit the expression of MMPs, such as MMP2 and MMP9, significantly suppress metastasis and have become an effective treatment of invasion and metastasis [22] .
Investigations suggested that overexpression of TRIB1 promotes invasion and metastasis of colorectal cancer SW480 cells via increasing MMP2 expression mediated by the ERK signaling pathway, and inhibition of the ERK signaling pathway suppressed the expression of MMP2/9 and attenuated invasion and metastasis in colorectal cancer [23] . Similarly, the invasion and metastasis ability of lung cancer was inhibited via inhibition of the ERK/MMP2 signaling pathway [24] . In GC, the expression of MMP2 is an important prognostic indicator [25] . Invasion of GC AGS and MKN-45 cells was promoted by abnormally activating the ERK signaling pathway and increasing MMP2 expression, and U0126 interfered with the activation of ERK/MMPs mediated by cytarabine [26] . The present study further confirms that EGb761 suppresses the expressions of p-ERK1/2 and MMP 2 in GC, which has an effect like U0126. Hence, inhibition of ERK/MMP2 is a possible mechanism of EGb761 activity in prevention of invasiveness.
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Abnormal activation of the NF-kB signaling pathway plays a crucial role in the progression of malignancies [27] . Reports show that silencing the DEC2 gene by shRNA induced phosphorylation of ERK1/2 and NF-kB P65, enhancing the ability of invasion and metastasis in GC, while U0126 blocked stimulation of the ERK/NF-kB signaling pathway mediated by knockdown of DEC2 [28] . In the present study, we showed that U0126 suppressed the invasion and migration and decreased the expressions of p-ERK, NF-kB P65, and NF-kB p-P65 in GC cells. These results show that the ERK signaling pathway, upstream of the NF-kB signaling pathway, participates in the regulation of invasion and metastasis in malignancy, and U0126 may play an anti-cancer role via inhibiting ERK and its downstream signaling pathway. Furthermore, a report suggested that kaempferol, an active ingredient of EGb761, suppresses angiogenesis of tumors, regulated by the ERK/NF-kB signaling pathway [29] . Similarly, the present study shows that blockage of the ERK/NF-kB signaling pathway suppresses MMP2 expression by EGb761 in GC. There is evidence that the invasion and metastasis of GC are promoted by overexpression of MMP2, mediated by the NF-kB signaling pathway [30] , and the MMP2 expression and the invasion ability were both suppressed by inhibiting of the NF-kB P65 signaling pathway by PDTC in tumor cells [31] . Therefore, MMP2 may be regulated via the ERK/NF-kB signaling pathway, which is involved in the metastasis of GC. Research has demonstrated that EGb761 could be used as an ancillary drug and could enhance the efficacy of cisplatin and 5-fluorouracil in anti-tumor therapy [15, 32] .
In the present study, we also found that EGb761 elevated the effect of U0126 in suppressing invasion and metastasis of GC. Combination treatment with EGb761 and U0126 blocked the ERK/NF-kB/MMP2 signaling pathway significantly more than use of drug alone. The results suggest that combined therapy with EGb761 and U0126, at least in part, exerts a synergistic anti-tumor effects via regulating the ERK/NF-kB/MMP2 signaling pathway.
Conclusions
Collectively, these data indicate that EGb761 inhibits invasion and metastasis of GC cells, at least partly by suppressing the ERK/ NF-kB/MMP2 signaling cascade in vitro and in vivo. Therefore, EGb761 may serve as an effective anti-tumor treatment.
